Abstract: A water quality study was carried out at the Adolfo López Mateos (ALM) reservoir, one of the largest tropical reservoirs in Mexico, located within an intensive agricultural region. In this study, the seasonal and spatial variations of nine water quality parameters were evaluated at four different sites along the reservoir semiannually over a period of seven years (2012)(2013)(2014)(2015)(2016)(2017)(2018), considering the spring (dry) and fall (rainy) seasons. An analysis of variance was performed to compare the mean values of the water quality parameters for the different sampling sites. Then, a multiparametric classification analysis was carried out to estimate the spatial density of the sampling points by using a probabilistic neural network (PNN) classifier. The observations (seasonal and spatial) of the water quality parameters at the ALM reservoir revealed no significant influence. The trophic status was evaluated using the Carlson Modified Trophic State Index, finding the trophic state of the reservoir at the mesotrophic level, with nitrogen being the limiting nutrient. The PNN revealed neural interactions between total suspended solids (TSS) and the other four parameters, indicating that the concentration ranges of five parameters are equally distributed and classified.
Introduction
The alteration of biogeochemical cycles in waters bodies by the constant contribution of nutrients causes an increase in the amount of sediments, especially in lentic systems. Globally, this phenomenon generates a tendency towards the disappearance or loss of ecological functions [1, 2] . Nutrient presence in water bodies leads to an increase in phytoplankton and algae biomass production. However, algae show a short life cycle, and this situation causes the sedimentation and accumulation of bottom material [3, 4] .
The accumulation of sediments in reservoirs can lead to a variety of problems, including the obstruction of dam outlets, the generation of abrasive effects on power generation turbines and concrete structures, and/or the reduction of reservoir storage capacities [5] . The quality of a water body is also affected by high concentrations of nutrients (e.g., phosphates and nitrogen) that cause changes in the natural balance of a water body [6] . The chemical processes and dynamics of aquatic ecosystems are adversely affected by an excess of nutrients. The observed changes in water quality characteristics due to chemical and biological processes are better known as eutrophication, and they are usually related to human activities [7] [8] [9] [10] .
The eutrophication of a river or lake has effects that can be perceived by the naked eye, such as the alteration of biota, turbid water, large amounts of aquatic plants, sediments and the development of organisms that prevent light from penetrating columns of water, which then leads to a decrease of dissolved oxygen [11] [12] [13] .
Tropical water bodies are more sensitive to an increase the supply of nutrients because, in these regions, more intensive agricultural activities are observed. Tropical water bodies are also susceptible to other anthropogenic sources of nutrients from urban areas (e.g., wastewater effluents) due to the use of soaps and phosphorus-based detergents [14] . Therefore, these water bodies show major changes in their water quality and biotic communities in response to eutrophication [15] . In this sense, they require stricter regulation of the presence of organic matter and nutrients than temperate reservoirs [16] .
Several eutrophication studies have been carried out in temperate regions, but only a few have been reported in tropical regions. This study proposes the use of statistical techniques in order to facilitate the interpretation of the physical and chemical characteristics of a large tropical reservoir located in Culiacan, Mexico; the trophic state of this water body was assessed by analyzing the spatial and seasonal variations of nutrients (phosphorous and nitrogen). In Mexico, reservoirs represent the largest volume of stored available water, with a storage capacity of approximately 70% of the total volume. The ALM reservoir is one of the largest water reservoirs in Mexico, and it is the object of this study due to its economic importance. Given that this reservoir has been proposed as an important water source for the near future, more accurate knowledge about its water quality characteristics and their relation to its hydrological parameters is necessary.
The main objective of this work was to evaluate the water quality and trophic of the ALM reservoir. The interactions between water quality parameters and the relationships between these parameters with natural variations of the hydrological cycle in the basin were also studied. The trophic status was evaluated using the Carlson Modified Trophic State Index. Finally, statistical tools such as a probabilistic neural network (PNN) classifier and an ANOVA were used to assess the seasonal and spatial variation of water quality.
Material and Methods

Study Area
The Adolfo Lopez Mateos (ALM) reservoir is important for the state of Sinaloa. The agriculture of this region depends on this waterbody. It is located in the municipalities of Badiraguato and Culiacán ( Figure 1 ). The operation of the ALM reservoir began in 1963. The geographical location of the reservoir is 25 • 05 25" N and 107 • 23 00" W. Its altitude is 186.50 meters above sea level (m.a.s.l.), and it has a surface area of 11,354 ha. It is considered as a large reservoir due to its total capacity of 4,034.5 hm 3 [17] .
The ALM reservoir serves several purposes, including generating electric power, housing fisheries, and supplying agricultural irrigation. The generation capacity of electric energy is 90,000 kW. The ALM reservoir is a 105.5 m-high concrete-faced rockfill reservoir located at the confluence of the Badiraguato and Humaya Rivers. The study area presents a warming subhumid climate with summer rains, and its average annual temperature is 24.5 • C. Most of the human settlements in the basin are concentrated in the southern zone of the reservoir; they are generally villages with less than 500 inhabitants whose main activities are agriculture and fishing. Part of the land is intended for agricultural activities, but there are different types of vegetation in the study area: A low deciduous jungle and a median sub-deciduous forest containing gallery forest, as well as forests of oak and pine-oak. The fishing activities in the reservoir are important food and income sources for the inhabitants. This water body is important because it irrigates an area of 219,000 ha of crops, which aids the production of 3,240,00 tons of food, one of the main economic activities in Mexico [18] . 
Water Quality
The Culiacan River hydrological basin is one of the most important basins for the agricultural valley of Sinaloa, and it supplies water to the ALM reservoir. There are only four systematic monitoring stations where water quality information is available in the reservoir. These stations are: Guaténipa II (sampling point 3), Badiraguato (sampling point 1), El Varejonal A.L. (sampling point 4), and P.D. Andrew W (sampling point 2). In these stations, water quality samples were taken every six months during a period of 2012-2018. (Figure 1 ). These monitoring stations are operated by the Mexican National Water Commission (CONAGUA). The water quality parameters included in this study were: pH, dissolved oxygen (DO), electrical conductivity (EC), turbidity, total suspended solids (TSS), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP), and fecal coliforms (FC) [19] . During the study period, hydrometric and climatological conditions were also studied. This information was collected from the climatological and gauging stations located next to El Varejonal A.L. (sampling point 4), which is operated by the Federal Electricity Commission.
Statistical Analysis
Statistical analysis was carried out using Statgraphics Centurion software. First, a time-series analysis of environmental temperature, precipitation, evaporation, and reservoir volume (storage volume) was carried out. The time-series analysis described hydrological and climatological trends and seasonal variations. Then, a statistical analysis of the behavior of the water quality parameters was performed during the study period. All these physicochemical parameters were classified by a probabilistic neural network (PNN) classifier to estimate the spatial density of the sampling points via the Parzen window method [20] . In the same way, the semiannually water quality was assessed, and the temporal distribution of water quality was identified in the reservoir. Water quality analysis was carried out over a period of seven years (2012) (2013) (2014) (2015) (2016) (2017) (2018) . These analyses were complemented with an analysis of variance (ANOVA). The differences between the means of water quality parameters were validated through a Duncan multiple range test. This statistical analysis identified water quality responses at different points of the reservoir. Prior to all statistical analysis, a normality test was performed with the Anderson-Darling test. According to this test, all the variables were normally distributed with 95% or higher confidence. 
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Trophic Status
Several authors have introduced different criteria for the classification of freshwater trophic levels; most of them have been based on phosphorus (P), nitrogen (N) compounds, and chlorophyll-a concentrations [21] [22] [23] [24] . In this study, the mean values of chlorophyll-a, total phosphorus, total nitrogen, and Secchi disk depth (SD) were used for calculating the Carlson Modified Trophic State Index (CMTSI) [22, [25] [26] [27] . Water quality classification based on the CMTSI was adapted from Begliutti et al. [28] and Molisani et al. [23] . The equations used to determine the CMTSI (Equations (1)- (4)) correspond to the proposal of Carlson [29] and were applied to the ALM reservoir.
CMTSI for Chlorophyll-a = 9.81 ln Chlorophyll-a (µg/L) + 30.6
(1)
CMTSI for Secchi depth = 60 − 14.4 ln Sechhi depth (m)
CMTSI for Total Phosphorus = 14.42 ln total phosphorus (µg/L) + 4.15
According to Prasad and Siddaraju [30] , lakes can be classified as oligotrophic (low productive), mesotrophic (moderately productive), and eutrophic (highly productive). Finally, the nitrogen/ phosphorus ratio was evaluated to identify the nutrient prevailing in the reservoir [9] .
Results and Discussion
Hydrological Conditions
An analysis of hydrometrical parameters indicated that the variations of the quantity of stored water in the ALM reservoir are related to natural variations of the hydrologic cycle. The results also indicate slight variations in temperature, precipitation, and evaporation. The hydrological and climatic characteristics of the study area are summarized in Table 1 . The ambient temperature is a factor that could be related to the behavior of the water body. The average ambient temperature (at the reservoir area) is almost 20 • C, very similar to those observed by Rangel-Peraza et al. [31] for a tropical reservoir located at a subhumid warm climate area with summer rains. Water contributions and extractions were found with no significant monthly variation, as the volume storage of the reservoir was maintained along the period of time included in the study. Figure 2a presents the input and extraction of water in the reservoir with respect to each month of the year. The colored scale represents the contribution (input) of water in the reservoir. Figure 2b presents the storage level of water in the reservoir, registered as the maximum elevation level of water. Figure 2a ,b present a very similar tendency, since these parameters are related. The storage water in the reservoir depended on the contribution and extraction of the water. The water level in the reservoir was higher during the rainy season, and the lowest water levels were observed during the dry season, with a recurrent annual pattern. The rainy season was present from June to October, and the dry season included the rest of the year. The inflow was at a maximum during the summer and at a minimum during the winter months. Overall, the outflow was stable throughout the study period, indicating a stable water demand of the hydroelectric plant and the role of the reservoir for stabilizing downstream river flow [32, 33] . This pattern has been repeated year after year because it is related to the natural variations of the hydrologic cycle. 
Temporal and Spatial Variations of Water Quality in the ALM Reservoir
According to the descriptive analysis, water surface temperature variations in the reservoir were related to ambient temperature variations. The range of water surface temperature observed in the ALM reservoir is considered normal in comparison with the temperature of similar studies carried out in others tropical water bodies [34] [35] [36] . Figure 3 shows the water temperature with respect to depth and elevation (meters above sea level, m.a.s.l.) in the ALM reservoir. In the period 2012-2018, the highest water temperature recorded was 34 °C on the surface of the reservoir, a temperature which decreased to 26.7 °C at the bottom. This temperature behavior was similar to that reported by other researchers [36, 37] . The average water temperature was lower from October to March and higher from May to August. In general, higher average temperatures were recorded in summer, and lower averages were recorded in winter months. The depth of the water samples in the reservoir was variable at each sampling point; the maximum depth was 40 m for sampling point 2.
The descriptive analyses of the physicochemical parameters measured in the ALM reservoir are summarized in Tables 2 and 3 for the spring and fall seasons, respectively. These water quality parameters were determined according to analytical procedures established by the American Public Health Association (APHA) in standard methods for the examination of water and wastewater [19] . It can be observed that turbidity and fecal coliforms were the parameters that showed the greatest coefficient of variation in both the spring and autumn seasons. Likewise, these parameters did not show a statistically significant difference between the means of the variables according to the ANOVA test (the P-value is greater than 0.05). 
According to the descriptive analysis, water surface temperature variations in the reservoir were related to ambient temperature variations. The range of water surface temperature observed in the ALM reservoir is considered normal in comparison with the temperature of similar studies carried out in others tropical water bodies [34] [35] [36] . Figure 3 shows the water temperature with respect to depth and elevation (meters above sea level, m.a.s.l.) in the ALM reservoir. In the period 2012-2018, the highest water temperature recorded was 34 • C on the surface of the reservoir, a temperature which decreased to 26.7 • C at the bottom. This temperature behavior was similar to that reported by other researchers [36, 37] . The average water temperature was lower from October to March and higher from May to August. In general, higher average temperatures were recorded in summer, and lower averages were recorded in winter months. The depth of the water samples in the reservoir was variable at each sampling point; the maximum depth was 40 m for sampling point 2.
The descriptive analyses of the physicochemical parameters measured in the ALM reservoir are summarized in Tables 2 and 3 for the spring and fall seasons, respectively. These water quality parameters were determined according to analytical procedures established by the American Public Health Association (APHA) in standard methods for the examination of water and wastewater [19] . It can be observed that turbidity and fecal coliforms were the parameters that showed the greatest Environments 2019, 6, 61 6 of 15 coefficient of variation in both the spring and autumn seasons. Likewise, these parameters did not show a statistically significant difference between the means of the variables according to the ANOVA test (the P-value is greater than 0.05). Figures 4 and 5 present the spatial variation of the water quality parameters in the ALM reservoir. Figure 4 presents the box and whiskers diagrams of the main parameters of the water quality in the ALM reservoir. This graph describes several important characteristics of the distribution of the parameters. Data that were not within the ranges can also be observed. Figure 5 shows the behavior of the water quality parameters in the reservoir.
The dissolved oxygen is related to the water temperature. The solubility of oxygen decreases as temperature increases. This means that warmer surface water requires less dissolved oxygen to reach 100% air saturation. Dissolved oxygen is necessary to many forms of life including fish, invertebrates, bacteria, and plants. Therefore, a higher concentration of the dissolved oxygen is related to good water quality conditions in water bodies. The mean dissolved oxygen in the surface water in the ALM reservoir remained over 6.85 mg/L. The high concentration of dissolved oxygen observed in surface waters of the ALM reservoir was related to photosynthesis and the oxygen that is exchanged with the atmosphere by diffusion or turbulent mixing. This finding suggests that the reservoir surface water is good for fish production. These concentrations were similar to those reported by Yu et al. [38] and Malik and Nadeem [36] . According to Figure 5 , a higher DO concentration was observed at the entrance of the dam, but this concentration difference was slight compared to the rest of the reservoir.
The average electrical conductivity was 160.46 and 171.41 μS/cm for the spring and fall seasons, respectively. No significant statistical difference between seasons was found for electrical conductivity. This value was very similar to that reported by Varol et al. [39] , and these values were greater than those reported by Chittoor et al. [33] but lower than those reported by Palma et al. [40] and Yu et al. [38] . The electrical conductivity showed a slight variability in both seasons. Higher conductivity values were observed in the rainy season due to the erosion process in the basin.
For both electrical conductivity and TSS, lower concentrations were observed towards the north of the reservoir (Figure 5 ), where the confluence of the Badiraguato and Humaya Rivers is located. No statistical difference was observed for TSS concentration. Mean TSS concentrations of 9.612 mg/L and 10.2835 mg/L were registered for the spring and fall seasons, respectively. According to Figure  5 , a lower TSS concentration was observed at the entrance of the dam, and a higher concentration was observed in the center and towards the south of the reservoir. These results were consistent with those observed by Varol et al. [39] and Toor et al. [35] , where run-off was recognized as the major source of solid suspended material in water bodies.
A parameter that is related to TSS is turbidity. The turbidity depends on the materials suspended in the water column. The reservoir presented an average turbidity of 3.467 and 8.825 NTU during the spring and fall seasons, respectively. Turbidity was higher in the rainy season, possibly due to higher incoming flows or run-offs. These results were consistent with those observed by Ciric et al. [41] and Toor et al. [35] . The aforementioned behavior was similar for chlorophyll-a. Secchi depth ranged from a minimum of 1.3 m to a maximum of 3.4 m for the sampling points, while the true color was observed from 15 to 25 UPt/Co. According to the water authority [17] , these values do not represent any affectation of the reservoir. Figures 4 and 5 present the spatial variation of the water quality parameters in the ALM reservoir. Figure 4 presents the box and whiskers diagrams of the main parameters of the water quality in the ALM reservoir. This graph describes several important characteristics of the distribution of the parameters. Data that were not within the ranges can also be observed. Figure 5 shows the behavior of the water quality parameters in the reservoir. The dissolved oxygen is related to the water temperature. The solubility of oxygen decreases as temperature increases. This means that warmer surface water requires less dissolved oxygen to reach 100% air saturation. Dissolved oxygen is necessary to many forms of life including fish, invertebrates, bacteria, and plants. Therefore, a higher concentration of the dissolved oxygen is related to good water quality conditions in water bodies. The mean dissolved oxygen in the surface water in the ALM reservoir remained over 6.85 mg/L. The high concentration of dissolved oxygen observed in surface waters of the ALM reservoir was related to photosynthesis and the oxygen that is exchanged with the atmosphere by diffusion or turbulent mixing. This finding suggests that the reservoir surface water is good for fish production. These concentrations were similar to those reported by Yu et al. [38] and Malik and Nadeem [36] . According to Figure 5 , a higher DO concentration was observed at the entrance of the dam, but this concentration difference was slight compared to the rest of the reservoir.
The average electrical conductivity was 160.46 and 171.41 µS/cm for the spring and fall seasons, respectively. No significant statistical difference between seasons was found for electrical conductivity. This value was very similar to that reported by Varol et al. [39] , and these values were greater than those reported by Chittoor et al. [33] but lower than those reported by Palma et al. [40] and Yu et al. [38] . The electrical conductivity showed a slight variability in both seasons. Higher conductivity values were observed in the rainy season due to the erosion process in the basin.
For both electrical conductivity and TSS, lower concentrations were observed towards the north of the reservoir (Figure 5 ), where the confluence of the Badiraguato and Humaya Rivers is located. No statistical difference was observed for TSS concentration. Mean TSS concentrations of 9.612 mg/L and 10.2835 mg/L were registered for the spring and fall seasons, respectively. According to Figure 5 , a lower TSS concentration was observed at the entrance of the dam, and a higher concentration was observed in the center and towards the south of the reservoir. These results were consistent with those observed by Varol et al. [39] and Toor et al. [35] , where run-off was recognized as the major source of solid suspended material in water bodies.
A parameter that is related to TSS is turbidity. The turbidity depends on the materials suspended in the water column. The reservoir presented an average turbidity of 3.467 and 8.825 NTU during the spring and fall seasons, respectively. Turbidity was higher in the rainy season, possibly due to higher incoming flows or run-offs. These results were consistent with those observed by Ciric et al. [41] and Toor et al. [35] . The aforementioned behavior was similar for chlorophyll-a. Secchi depth ranged from a minimum of 1.3 m to a maximum of 3.4 m for the sampling points, while the true color was observed from 15 to 25 UPt/Co. According to the water authority [17] , these values do not represent any affectation of the reservoir.
The TOC, COD, and BOD are indicators of organic matter pollution in water bodies. These indicators are typically related to industrial and domestic wastewater discharges [39, 42] . According to Figure 5 , a lower organic material (TOC and BOD) concentration was observed at the entrance of the reservoir, and a higher concentration of organic matter was located in the center and towards the south of the reservoir, near sampling point 4. These concentrations of organic matter remained very similar, and no significant variations were observed during the study period. Organic matter values were similar to those obtained in Rawal Lake Reservoir [36] and lower than those reported in Palma et al. [40] . The mean values for five years sampling in the ALM reservoir suggest that this reservoir shows no organic matter pollution, which coincides with the high values of dissolved oxygen recorded in the present study.
The contamination of water resources by pathogenic organisms and micropollutants is a major problem in many parts of the world, including Latin America. The existence of coliform bacteria in the reservoir represents a risk to public health and to the multiple uses for the reservoir [37, 43, 44] . The mean concentration of fecal coliform bacteria registered in the ALM reservoir during the study period was lower than the recommended limits for fishing and navigation purposes. Based on these criteria, the surface water in the ALM reservoir is suitable for any of the aforementioned uses. Nevertheless, it has been observed that fecal coliforms exceeded the recommended limits for fishing and navigation Figure 4) . Possibly, cattle grazing on lands close to the reservoir, runoff, and the lack of sanitation infrastructure for the human settlements and wastewater treatment systems in the surrounding area may be the cause for the fecal pollution concentrations observed in this study [42] . According to Figure 5 , a lower FC concentration was observed at the entrance of the dam, and a higher concentration of the contaminant was observed in the center and towards the south of the reservoir.
Spatial Classification of Parameters by Probabilistic Neural Network
The probabilistic neural network classifier (PNNC) analysis does not depend on a linear correlation that may exist between the water quality variables like principal component analysis does. PNNC is independent of the similarity between variables (given by variance), which is the principle of heuristic methods like nearest neighbor analysis. In PNNC analysis, combinations are established from the connection between each neural unit, generating a mathematical model that detects solutions or characteristics difficult to express with any other method [45] . This combination is a classification of each pair of variables, with significant interaction.
PNNC showed 37 different cases of the spatial distribution that can be obtained in the ALM reservoir. For this analysis, each case of spatial distribution was defined as a set of variables that could be statistically attributed or classified based on the water quality information obtained during the five years of sampling. This multi-parametrical analysis described the spatial distribution of water quality variables within its possible range of concentrations. PNNC analysis identified that the combination of TSS with COD, OD, fecal coliforms, and pH can only be detected in the four sampling sites. These combinations served as neural model output layers. Through this multi-parametric analysis, it was observed that the COD, DO, pH, and fecal coliforms were dependent on the spatial behavior of the TSS (Figure 6 ). 
PNNC showed 37 different cases of the spatial distribution that can be obtained in the ALM reservoir. For this analysis, each case of spatial distribution was defined as a set of variables that could be statistically attributed or classified based on the water quality information obtained during the five years of sampling. This multi-parametrical analysis described the spatial distribution of water quality variables within its possible range of concentrations. PNNC analysis identified that the combination of TSS with COD, OD, fecal coliforms, and pH can only be detected in the four sampling sites. These combinations served as neural model output layers. Through this multi-parametric analysis, it was observed that the COD, DO, pH, and fecal coliforms were dependent on the spatial behavior of the TSS (Figure 6 ). Figure 6b shows a clear difference in the distribution of dissolved oxygen concentration at the sampling sites. The PNNC results coincide with the spatial behavior discussed previously for this parameter, where the highest DO concentration was observed at the entrance of the reservoir, and the lowest concentrations were found in the center and towards the south of the reservoir. Similar spatial behavior was observed for pH and fecal coliforms. Differences between water quality features were shown in the different sampling sites. This spatial behavior meets the characteristics suggested for reservoir water quality modeling [31] .
Trophic Status of the Reservoir
A water body trophic state depends on nutrient levels. The trophic status assesses water body changes by simplifying complex environmental variables. Maznah and Makhlough [22] suggested a trophic state index which also includes chlorophyll-a. This index has been found to be reliable for quantifying the trophic state in tropical water bodies [46, 47] .
The Carlson Modified Trophic State Index (CMTSI) was computed in the ALM reservoir by using Equations (1)- (4) with the mean values of chlorophyll-a, total phosphorus, total nitrogen, and Secchi disk depth (SD) during the study period (2012) (2013) (2014) (2015) (2016) (2017) (2018) . According to the CMTSI obtained, results indicate that the trophic state of the ALM reservoir was maintained as mesotrophic (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) over time ( Figure 7 ) [30] . The value of the CMTSI was similar in the four sampling sites. The CMTSI calculated on the basis of nutrients (total phosphorus) showed lower values than the one calculated using the concentration of transparency and chlorophyll-a [2] . Hence, the total phosphorus was the parameter that showed the least influence in trophic status calculation. These results were very similar to those reported by Mazhan and Makhlougl [22] and Vidović et al. [2] . Similar results have also been published by Quevedo-Castro et al. [48] .
Nitrogen and phosphorus are indicators of eutrophication by anthropogenic sources. High levels of nutrients are also related to the presence of pesticides and fertilizers. The mean concentration of total nitrogen in the ALM reservoir was 0.57 mg/L, and the mean concentration of total phosphorus was 0.12 mg/L. These values were similar to those reported by Li et al. [42] . Thus, the nitrogen/phosphorus ratio was used to define the limiting element in the growth of aquatic plants. This concept was suggested based on the cellular stoichiometry of aquatic plants. The nutrient that controls the maximum amount of plant biomass is the one that is first consumed or reaches a minimum value before the other nutrient. In general, when N/P ratio is less than 9, nitrogen is the limiting element, and when N/P > 9, phosphorus controls biomass growth. This is subject to variation according to the stoichiometry of the plants. The relation of total nitrogen and total phosphorus proposed by Vollenweider [49] was used in this study. Figure 8 shows the N/P relation at the four sampling points in the reservoir for 2012-2018. The mean N/P ratio obtained in this study was 7.2. An important positive trend was observed since 2017. High concentrations of total nitrogen (0.73 mg/L) were found in sampling point 3 in comparison with the total phosphorus (0.03 mg/L). This situation is also observed in 2018, where a great N/P ratio was observed at the sampling point 4. In this way, the reservoir was generally limited by nitrogen in 2012, 2013, 2015, and 2016; it was not limited by nitrogen in 2014, 2017, and 2018. The behavior of these parameters between sampling points during the spring and fall seasons was similar in the years 2012-2016. This situation agrees with Vidović et al. [2] who suggested that the subtraction of indexes CMTSI (Chl-a) -CMTSI (TP) < 0 indicated that phosphorus could not be considered as limiting factor of algal production. Sakka et al. [50] and Perkins and Underwood [51] mentioned that a tropical water body could show different nutrient limitations in each season-i.e., during winter nitrogen, could be limited by nitrogen, and, during summer, it could be limited by phosphorus. They also mentioned that the increase of nutrients in the reservoir may influence algae proliferation. It is important to mention that algae blooms are usually observed in the ALM reservoir.
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Conclusions
In this study, a spatial and temporal behavior of nine water quality parameters was evaluated semiannually across seven years (2012) (2013) (2014) (2015) (2016) (2017) (2018) . Some water quality parameters, such as temperature and dissolved oxygen, were related to climatic conditions, while other parameters, such as conductivity and TSS, were associated with the hydrological regime (rainy season). The ALM reservoir showed no organic matter pollution according to TOC, COD, and BOD values observed in surface waters. Besides, the mean concentration of fecal coliform bacteria registered in the ALM reservoir during the study period was lower than the recommended limits for fishing and navigation purposes.
A multi-parametric analysis was carried out to describe the spatial distribution of water quality variables within its possible range of concentrations. PNNC analysis identified that the COD, DO, 
A multi-parametric analysis was carried out to describe the spatial distribution of water quality variables within its possible range of concentrations. PNNC analysis identified that the COD, DO, pH, and fecal coliform values were dependent on the spatial behavior of the TSS. The spatial behavior for these parameters was described, showing that better water quality conditions were observed at the entrance of the reservoir. The water quality of the ALM reservoir decreased towards the south of the reservoir. Differences between water quality characteristics were shown in the different sampling sites. Based on this spatial analysis, the water quality behavior in the ALM reservoir can be considered for future modeling efforts.
The Carlson Modified Trophic State Index indicated that the trophic state of the ALM reservoir was mesotrophic (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) . This conclusion was based on the nitrogen, phosphorous, and chlorophyll-a concentrations and Secchi disk depths measurements. The total nitrogen and total phosphorus ratio was 7.3. In this way, the reservoir was considered limited by nitrogen. According to the results obtained, an efficient reservoir management is necessary to prevent eutrophication and restore the water quality of the reservoir. 
